Background: As part of efforts to implement the human resources capacity building component of the African Regional Strategy on Disaster Risk Management (DRM) for the health sector, the African Regional Office of the World Health Organization, in collaboration with selected African public health training institutions, followed a multistage process to develop core competencies and curricula for training the African health workforce in public health DRM. In this article, we describe the methods used to develop the competencies, present the identified competencies and training curricula, and propose recommendations for their integration into the public health education curricula of African member states.
Background
The health system framework has been increasingly proposed as the basis for effectively implementing disaster risk management (DRM) within the realm of public health [1] [2] [3] . A health system encompasses people and organizations as well as actions; therefore, it is defined as "consisting of all organizations, people and actions whose primary intent is to promote, restore or maintain health" [4] . The health system has six building blocks namely 1) health leadership and governance, 2) health products and technologies, 3) health workforce, 4) financing of health services, 5) management of health information, 6) delivery of health services [4] . These building blocks are interrelated and work in tandem to ensure good health services provision. A resilient health system should have the capacity to effectively prepare for and respond to disasters, preserve key health functions, and recover during and after disaster strikes [5] . Such a system should guarantee good access, coverage, quality, and safety of health services [4] , safeguard human life and ensure good health outcomes during and after disasters [5] .
The health workforce includes any person who is involved in activities with the ultimate intention to protect and improve health; these include people working in the public and private sectors, formal and informal sectors, and at the community level [4] A strong health workforce is critical for ensuring a resilient health system [5] [6] [7] , which in turn is a key element of effective public health DRM. The presence of adequate numbers of skilled health care workers (HCWs) is a key determinant of health outcomes during disasters [8] . Available literature points to weak health systems and inadequate numbers of skilled HCWs as key factors that sustained transmission of the 2014-15 Ebola outbreaks in West Africa [9, 10] . Furthermore, a World Health Organization (WHO) report identified the inadequate numbers of HCWs in the Ebola-affected countries, poor training, and a lack of required medical equipment as part of the challenges that hampered early control of the outbreak [11] . Similar challenges have also been observed during other humanitarian crises on the continent, such as the Horn of Africa and Sahel drought crises as well as the ongoing Yellow Fever and Zika virus outbreaks [12, 13] . These events highlight the need for well-trained and skilled health care workers for public health DRM.
In 2012, the sixty-second session of the WHO Regional Committee for Africa adopted (through resolution AFR/RC62/R1) and is currently implementing a 10-year regional strategy on DRM for the health sector [14] . This strategy aims to improve the capacity of the health sector and to build the institutional capacity of WHO African Region Member States 1 to manage disasters. Furthermore, it intends to improve individual HCW competencies for public health DRM, so as to strengthen resilience in the community and health sector. Welltrained and competent health workers were identified as a critical requirement for effective implementation of the strategy, and thus resolution AFR/RC62/R1 includes a clause requesting WHO to "support national capacity building for DRM" [15] .
As part of the efforts to implement the human resources capacity building component of the strategy, the WHO African Regional Office (WHO/AFRO) conducted an unpublished desk review of existing emergency public health training programmes in the African Region. 2 The review showed that there were few available public health emergency courses on the continent, most of which were focused on response to public health disasters especially epidemics and lack critical aspects of public health disaster risk reduction, preparedness and postdisaster health system recovery. Furthermore, the review revealed that the contents of many of the available courses varied and did not include contemporary humanitarian topics, such as the international humanitarian reforms, transformative agenda, legal framework for humanitarian response, and emergency response operations management. This emphasized the need for a comprehensive and harmonized public health DRM training package for African HCWs.
To address this gap, WHO/AFRO, in collaboration with selected African public health training institutions, conducted a multistage pilot study to develop and test comprehensive core competencies and curricula for training the African health workforce in public health DRM. In this article, we present the competencies and training curricula that were identified, describe the stages of their development, and propose recommendations for their completion and integration into the public health education curricula of African public health training institutions. The general objective of the article is to provide information and opportunities that could be used to improve health DRM training in Africa.
Methods
We conducted a pilot research to develop and test a public health disaster risk management curriculum for training the African health workforce on DRM. We used mixed methods approaches including literature review to better understand the public health disaster risk management training needs and the associated knowledge and skills required by the African health workforce; qualitative research methodology to develop the core competencies and curriculum; knowledge translation and quantitative research methodology to test the applicability and feasibility of the competencies and curriculum.
We obtained curriculum development terminologies via online searches of Google search engine using the term "curriculum development and terminologies". The search yielded several documents which we reviewed. We selected three of the documents for in-depth review. 3 The review of the three documents yielded over 30 terminologies out of which we selected four key ones which were relevant to our purpose. These are competency, which was defined as a cluster of related knowledge, skills, and attitudes that enable an individual or organization to perform their core functions well [16] . Learning objectives were defined as a description of what students should know or be able to do at the end of a course that they could not do before the course [17] . We also defined a curriculum as the planned interaction of student with instructional content, materials, resources, and processes for evaluating the attainment of educational objectives [18] , and training module was defined as a standardized or selfcontained segment that constitutes an educational course or training programme [19] .
We implemented the curriculum development from 2009 to 2013, using a multistage consultative and qualitative process. A team of African emergency public health academicians and practitioners was assembled to: 1) conduct an in-depth review of existing emergency public health training programmes in the African Region; 2) identify knowledge, skills sets, and core competencies required by African HCWs to effectively engage in DRM; 3) develop a generic training curriculum for health DRM that is suited to the region; and 4) agree on the modalities for pilot testing the courses. Participants from the schools of public health of six African universities 4 as well as emergency public health practitioners from Ministries of Health, the US Centers for Disease Control and Prevention, and the three levels of the WHO participated in the process.
The first stage involved a desk review of the content of available in-service, basic, and specialized training programmes in public health DRM across the African Region as well as agreement on a road map for development of health DRM curricula for Africa and the methodology for identification of the core competencies. The second stage involved the establishment of an upto-date inventory of existing public health DRM training programmes, establishment of partnerships between training institutions and relevant stakeholders to enhance programme quality and continuity, and production of a framework for standardizing training packages with the aim of addressing the continuum of the disaster management cycle at all levels.
In the third stage, we reviewed and listed the knowledge and skills required to effectively implement the regional health DRM strategy through compilation and desk review of the existing literature on health DRM and the associated skill sets and core competencies. At this stage, we organized a consultative meeting to discuss and validate the identified knowledge and skill sets. During the meeting, participating academic institutions presented the health DRM competencies used to develop the public health training curricula of their institutions, which were then compared with the identified list of competencies to ensure that the list was inclusive. A predeveloped template was used to group the knowledge and skills into competencies and sub-competencies, which were then categorized into thematic areas. The learning objectives for each competency were identified and curricula developed for basic, intermediate, and advanced health DRM courses. Finally, all the products of the consultative meeting were endorsed by the experts present who thoroughly reviewed and compared them to what existed in the peer-reviewed literature. At the fourth stage, the final products were sent for peer review to the relevant programmes of WHO/AFRO, selected ministries of health, and public health training institutions.
In the fifth and final stage, we reviewed the core competencies, learning objectives, and course curricula based on feedback received from the peer review process; we also developed the training units and modules for all core competencies, compiled the work done thus far, and developed a template for writing a guideline/framework for health sector DRM capacity building.
We conducted a pilot test of the basic public health DRM training module at one of the participating training institutions (the University of Pretoria) in conjunction with the South African National Defence Forces (SANDF) and WHO/AFRO in March 2015, to test the applicability and feasibility of the core competencies and curricula. We used quantitative methods (pre-and posttests) to assess the performances of all the participants who attended the pilot course. Similarly, all participants evaluated the relevance of the course and the competencies addressed in it.
Results

Core competencies for public health DRM
We identified 14 core competencies and 45 subcompetencies/training units, grouped into six thematic areas, as the skills and knowledge that African health care workers should possess to be able to effectively engage in public health DRM (Table 1) . These six thematic areas are as follows: 1) introduction to DRM; 2) operational effectiveness; 3) effective leadership; 4) preparedness and risk reduction; 5) emergency response; 6) post-emergency health system recovery.
Introduction to DRM: All health care
professionals engaged in health DRM should understand the basic principles of DRM. This thematic area has four core competencies that focus on understanding the principles of public health and disasters, principles of human rights and ethics in disasters, basic epidemiology and data management, and effective communication during disasters. This thematic area is further subdivided into 12 sub-competencies/training units ( Table 1) . The 14 core competencies, their training units, and learning objectives are outlined in Additional file 1. 2. Operational effectiveness: Acquisition of soft skills in the areas of resource mobilization and (Table 1 ). 4. Preparedness and risk reduction: The ability to conduct various types of assessments, plan and implement public health preventive and mitigation measures, and to establish preparedness interventions at the health facility and community levels were identified as critical competencies that health workers should possess to effectively reduce the risk of and to prepare for disasters. This thematic area is subdivided into 12 subcompetencies/training units (Table 1 ). 5. Emergency response: The ability to apply DRM principles and practices for the health response to disasters was identified as a critical competency that health workers should possess to effectively respond to disasters. This thematic area is subdivided into 6 sub-competencies/training units (Table 1 ). 6. Post-emergency health system recovery: The ability to apply DRM principles and practices to plan and implement post-emergency health system and population recovery interventions, were identified as critical competencies that health workers should possess to effectively recover from disasters. This thematic area is subdivided into 4 subcompetencies/training units (Table 1) .
Training curricula for public health DRM
Based on the 14 core competencies, we identified three levels of training to suit the needs of various categories of African HCWs, namely, basic, intermediate, and advanced training in public health DRM ( Table 2 ). The delivery and assessment methods for these courses include as modules in undergraduate studies, post-graduate diploma or public health masters courses, or as stand-alone programmes ( Table 3 ). The curricula for basic, intermediate, and advanced training in health DRM are presented in detailed in Additional files 2 and 3).
Piloting the basic public health DRM course monitoring and evaluation; 8) capacity assessment; 9) prevention and mitigation; 10) preparedness; 11) response; and 12) recovery. The average scores for the pre-and post-tests were 51. 5% and 59.2%, respectively. All participants agreed that the course was very appropriate and that their expectations had been met. Nearly all trainees (except one) agreed that the 12 core competencies covered were all relevant to the course and to their public health DRM work. Participants felt that the data management, disaster preparedness, risk reduction, and response sessions were intensive and that more time should be allocated to these in future courses.
Discussion
The lessons learnt from recent public health events of international concern in Africa have revealed the fragility of the continent's health systems [10, 20] and the critical role of HCWs in the public health emergency preparedness, response and recovery framework [21, 22] . These events have demonstrated that competent health workers are needed not only to lead public health services delivery, support planning, supervision, coordination, and evaluation of all aspects of public health disaster management [23] [24] [25] [26] but also to prevent the health workforce from being infected or affected by disasters. Significant attention to and investment in the health workforce are therefore critical to ensure resilient health systems that can effectively prepare for, respond to, and recover from disasters [27, 28] Addressing this challenge requires increased numbers as well as improvement in the knowledge and skills of health workers [27, 29, 30] . To the best of our knowledge, there is no comprehensive set of localized competencies to guide these aspects in Africa; therefore, the findings of this study contribute to addressing this perceived gap.
We identified 14 core competencies in six thematic areas, which African HCWs should acquire to be able to effectively engage in DRM. These competencies could serve as practical guidance for African public health training institutions; ministries of health, education and disaster management; agencies of the United Nations; and national and international nongovernmental organizations, to develop public health DRM educational materials and training programmes for a broad-based category of public health students and workers alike. We propose acquisition of these competencies at three levels, namely, basic, intermediate and advanced. All front-line health workers at district level, junior staff of humanitarian agencies, and personnel from other sectors such as water, sanitation, shelter, and education who contribute to health DRM, should possess and be able to apply basic health DRM skills to manage public health disaster situations at the local level. All mid-level HCWs at provincial and national levels should have and be able to apply intermediate skills and knowledge of all 14 core competencies; HCWs who have direct responsibility for health DRM at national and regional levels should possess and be able to apply advanced health DRM skills and knowledge. We recommend acquisition of the knowledge, skills, and attitudes associated with these competencies through different methodologies. Knowledge could be gained through reading, didactic teaching, projects, assignments and experience sharing while skills and attitudes could be acquired through practical field experience and simulation exercises. These acquisition methodologies should be adapted to suit the local training needs and context. These competencies, together with the associated curricula and training programmes, are proposed as the minimum requirements for all African HCWs that are involved in public health disaster management. However, we believe that there should be opportunities for African HCWs to attend specialized courses, such as in health disaster risk reduction, mass casualty management, and post-disaster health system recovery, so as to acquire more in-depth knowledge of the core competencies. We identified potential challenges that would need to be addressed to ensure the smooth rollout of these competencies. These include the tendency for courses to focus on didactic teaching methods as opposed to a more practical approach, which might limit field experience among students. Other challenges include the shortage of experienced trainers at the initial stages of rollout of the competencies and curricula, insufficient time allocated for the training programmes, and shortages of funding for public health training institutions to introduce the core competencies into their training programmes. Additional challenges include inadequate financial support for African health workers to participate in training programmes, resistance by African training institutions to introduce the core competencies, and a lack of The assessment will be through observation of the field supervisors (20%), written field report (50%), verbal defence of the report (30%).
Observation by the field supervisor will be guided by a questionnaire, and the field supervisor may be a member of the oral defence committee.
a The participant will have to do a written exam to be awarded the certificate of competence modalities for uniform accreditation of the courses across African countries and training institutions. Effective implementation and sustainability of these core competencies would require their integration into the broader framework of the Global Health Workforce Alliance, existing public health education, the DRM policies of African member states, and ongoing efforts to strengthen the global emergency health workforce and health security. Therefore, a number of success factors such as high-level political commitment; government involvement and financial investment; good strategic planning for public health DRM workforce education; effective management, leadership, and information; and supervision, monitoring, and evaluation systems are critical [7, 31] . In this regard, we propose a number of principles that should guide the use of these core competencies to develop public health DRM training programmes and courses.
First, courses should be sustainable, affordable, and accessible and they should be based on training needs that have been identified through training needs assessment. Second, sequencing of and time allocated to the training units and modules should be logical and realistic, to ensure coherence in the course delivery. Third, the principles of right to health, human rights, equity, social justice, and humanitarian assistance should be mainstreamed into the health DRM training courses and programmes. Fourth, the courses should be regularly monitored and evaluated, to ensure that they are of high quality and that they not only meet their objectives and the learning needs of trainees but also the skill needs of African member states. Fifth, in view of the multisectoral nature of DRM, the planning, delivery, and evaluation of training courses should involve experts from other relevant sectors, clusters, organizations and academic institutions as trainers and participants. Lastly, strong advocacy and formation of partnerships between African ministries of health, education, and disaster management, academic institutions, and international and local organizations are required, to ensure adequate funding, development of sustainable funding modalities, availability of the necessary capacities and management systems for public health DRM training programmes in Africa. This would also support consensus building on certification modalities for the courses.
These core competencies should be adapted to the local context, and the resulting training courses should be as practical and field-based as possible. The successful implementation of these core competencies requires strong advocacy at the level of African health, education, and disaster ministries to ensure the availability of appropriate inputs such as funds, human resources, and training materials. We believe that African public health training institutions have the required environment to introduce these competencies in their curricula; these institutions therefore represent one of the greatest assets in scaling up public health DRM capacity building on the continent.
Study limitations
This study has three main limitations. First, not all members of the team participated in all stages of the consultative process, which were spread over a 3-year period; this could have resulted in memory lapses that might have biased the study findings. Second, the process involved selection of only a small number of African public health training institutions, academicians, and public health DRM practitioners, whose views on health DRM core competencies may not be representative of the views of all African public health experts and training institutions. We mitigated these limitations through peer review of the final outcomes of the consultative process by other African public health academicians and health DRM practitioners in the African Region. Third, the sample size of the cohort of people who participated in piloting of the basic course is small and may not be significant. Furthermore, we were unable to follow up this cohort of people to determine whether they were able to successfully apply the skills acquired during the pilot and if this had an impact on their future public health DRM work thus further pilot testing and validation of all three courses are required.
Conclusions
Scaling up the capacity development of African HCWs in the areas of public health DRM is critical to ensure resilient health systems. This requires a structured and uniformed approach and guidelines that can be adapted across the continent. The core competencies and subcompetencies identified in this article provide opportunities for addressing this task. These competencies compare favourably to the findings of other studies that have assessed public health DRM competencies [32] [33] [34] [35] . The pilot test of the basic course demonstrated the relevance of the core competencies and that their use could result in improving the understanding of public health DRM among participants. However, in view of the small sample size of the pilot course, further validation of these competencies through additional pilot courses and follow up of the trainees is required to establish their outcome and impact on public health DRM. Moving forward, strong advocacy as well as government ownership and support of the public health DRM community, and establishment of African public health DRM training institution networks, are required to scale up public health DRM capacity building in Africa.
To effectively roll out these competencies and curricula across the continent, we put forward four main recommendations. First, WHO/AFRO in collaboration with participating training institutions, should conduct more pilot tests of the basic course and finalize those of the intermediate and advanced courses, develop the learning materials for all three courses, and create awareness about these core competencies and curricula among African public health training institutions and ministries of health, education, and disaster management. Second, WHO/ AFRO should liaise with ministries of education and health of its member states to discuss the modalities for their accreditation. Furthermore, the organization should work with these ministries to conduct training of trainers so as to establish a critical mass of trainers who could support initial courses. Third, African public health training institutions should conduct assessments of their emergency public health training programmes, using the above-mentioned competencies as a baseline, to improve their planning and curriculum development for public health DRM training programmes where necessary. Lastly, WHO/AFRO in collaboration with training institutions and ministries of health should develop a monitoring and evaluation framework to ensure the quality of public health DRM training programmes across the African Region [31] . This should include development of relevant process, outcome, and impact indicators that should be used to monitor and evaluate the quality and impact of public health DRM training programmes, trainees, and trainers in the region.
Endnotes
